A total of 155 Japanese subjects (79 men and 76 women) who were classified as having normal or borderline glucose tolerance, according to the criteria for the 50-g oral glucose tolerance test (GTT) of the Japanese Diabetes Society, were analyzed for factors related to serum high density lipoprotein (HDL)-cholesterol concentration, especially the responses of insulin and free fatty acid (FFA) after a glucose challenge.
Insulin resistance and compensatory hyperinsulinemia are frequently associated with impaired glucose tolerance, obesity, dyslipidemia, and hypertension, the socalled syndrome X, deadly quartet, or syndrome of insulin resistance, indicating a high risk for atherosclerotic disease (1-6). Although a reduced plasma high density lipoprotein (HDL)-cholesterol concentration is a common feature of this condition (7, 8) , the nature of this association is not clear. In addition, free fatty acids (FFA) are a marker for insulin resistance (1) and might influence HDL metabolism (9-12) ; however, the independent association of the HDL-cholesterol concentration and the FFA response after the ingestion of glucose has not been completely elucidated.
We have now investigated the associations between HDL-cholesterol and the insulin and FFA responses in subjects with normal and borderline glucose tolerance, classified according to the criteria for the 50-g oral glucose tolerance test (GTT) of the Japanese Diabetes Society (13).
Subjects
Subjects selection was based on the finding of a high blood glucose concentration or the detection of more than a trace of glucose in urine in a health examination, which was conducted in 1981 in 1219 people who lived in Tanu-et al. Body mass index was significantly correlated with HDLcholesterol concentration (r= -0.33, P < 0.01), sum insulin (r = 0.39, P < 0.001), and FFA at 60 min after glucose loading (r= 0.44-, P < 0.001) in men.
Sex difference was observed in the correlations both Table 1 . Characteristics of the subjects. between insulin measures and HDL-cholesterol concentration, and between FFA measures and HDL-cholesterol concentration, then the interrelations among sum insulin, HDL-cholesterol, and FFA at 60 min were examined (Fig.  1) . The interrelationships among sum insulin, HDL-cholesterol and FFA at 60 min were significant in men, but not in women.
Triglyceride concentration also showed a significant correlation with body mass index, insulin, FFA, and HDLcholesterol concentrations.
Therefore the net correlations between HDL-cholesterol and insulin and FFA concentrations were calculated after adjustment for body mass index and triglyceride concentration in men (Table  4) . Insulin concentrations at 60, 120, and 180 min, as well as sum insulin, and FFA concentration at 30 and 60 min of GTT showed significant correlations.
Independent relationship were evaluated by multiple linear regression analysis because there was the moder- Fig.1 . Interrelationships among sum insulin, HDL-cholesterol, and free fatty acid (60 min after glucose loading) levels in both sexes. ate interrelation between FFA and insulin ( Table 5 ). The explanatory variables were those with statistical significance in the univariate analysis (Table 3) ; alcohol consumption was used as a dummy variable. Significant independent associations were observed with sum insulin, FFA at 60 min of GTT, and alcohol consumption.
Discussion
We evaluated the relation between serum HDL-cholesterol concentration, an important protective factor against coronary artery disease (23), and serum insulin and FFA concentrations before and after oral glucose challenge. An association of insulin concentration with HDL-cholesterol has been demonstrated not only in non-insulindependent diabetes (24-26), but also in individuals with normal glucose tolerance (27-32). Obesity and hypertriglyceridemia have been reported to be negatively related to HDL-cholesterol concentration and positively related to insulin concentration, as a marker for insulin resistance (1). Therefore, both obesity and hypertriglyceridemia are related factors that should be evaluated with regard to the independent association between insulin and HDL-cholesterol concentrations.
The activity of lipoprotein lipase, which catalyzes the catabolism of triglyceride-rich lipoproteins in skeletal muscle, is inversely correlated with insulin resistance (32). The impaired removal of triglyceride-rich lipoproteins, a process in which HDL particles are produced (33), in the insulin-resistant condition may be one possible explanation for the association between insulin and HDL-cholesterol.
However, although this association has been shown to be weakened after adjustments for body mass index and triglyceride concentration, it remained statistically significant (24, 26, 30, 32) . The results with our male subjects are consistent with these earlier studies, indicating that additional mechanisms are responsible for the reduced HDL-cholesterol concentration under hyperinsulinemic conditions. The activity of hepatic triglyceride lipase, which is thought to regulate the removal of HDL-cholesterol, shows a negative correlation with HDL-cholesterol concentration (34). In addition, the activity of this enzyme has been shown to be positively correlated with the area under the insulin curve during intravenous glucose loading (32, 34). Increased HDL removal as a result of high hepatic triglyceride lipase activity also may explain the reduced HDL-cholesterol concentration associated with hyperinsulinemia.
With regard to other enzymes that regulate HDL metabolism, the roles of lecithin:cholesterol acyltransferase, which is insulin sensitive (35), and cholesterol ester transfer protein, which shows a decreased ability to transfer cholesterol esters from HDL in noninsulin-dependent diabetes mellitus (36), in the association between HDL-cholesterol concentration and hyperinsulinemia remain to be determined.
Increased 
